Introduction
============

The treatment of adolescent varicoceles is controversial and emotional. What parent wants to risk future infertility of their son through inaction? The fear of a progressive disease process weighs heavily on the minds of the parents and the patient. Every year the young boy embarrassingly sees a doctor because he has an abnormality of one of his male organs. Yet, the consequences of inaction are not clear. Indeed, the exact deleterious effects of varicocele on testicular function are unclear.

To date there are many unanswered questions despite over a hundred years of debate. What is the exact pathophysiology? Why are some patients affected and others not? What causes the pain? Why are some men infertile with small varicoceles and others with huge varicoceles fertile? Does the size matter? How can a unilateral varicocele cause bilateral dysfunction? How should a varicocele be determined, by physical exam or ultrasound? What is the best way to perform the ultrasound? Do varicoceles cause atrophy? What is the best way to measure atrophy? Does repair reverse the atrophy? What is the best way to measure future infertility; a semen analysis, a testicular volume, varicocele size, or testicular size discrepancy? How do the adult data relate to the pediatric population? All these questions are important yet most remain unanswered.

Whereas in the infertile male a semen analysis is easily obtained with well-established norms, the same cannot be said of the adolescent. Fertility potential is not easily measured in the adult let alone the adolescent; as a result ipsilateral testicular hypotrophy/atrophy is commonly used as a surrogate indication. Other indications for intervention include testicular pain or embarrassing fullness or swelling. In the adult the main indications for intervention are infertility and abnormal semen analysis, both unavailable in most teens. Varicoceles have been linked to hypogonadism in the adult male. Yet a hormonal profile has not been considered standard in the assessment of the adolescent varicocele. The purpose of this review is to examine the association of varicoceles and hypogonadism and the potential benefit of repair of adolescent varicoceles on the hypogonadism.

Historical information
======================

The varicocele and its association with testicular damage, "in as much as its (the testicle's) nutrition was defective," was described by Celsus in 24 AD ([@r1]). The correction of varicoceles has been reported in the scientific literature for over 100 years ([@r2]-[@r5]). The potential impact of the varicocele on fertility was first described by Hotchkiss in 1944. Tulloch reported his results of high inguinal varicocele ligation on 30 men (5 bilateral), describing normalization of sperm counts and pregnancy in two azoospermic men and improvement in sperm counts in 87% of the group overall ([@r6]). As controversial as treatment in adults has turned out to be, historically, this has been even more of a problem in teens. As early as 1944, Hotchkiss suggested that earlier repair might be important but was uncertain about the indications:

"the surgical correction of a varicocele is probably only effective as a prophylactic measure against damage which might ensue with passing years. It is unlikely that the operation has other than cosmetic value in long-standing cases with small soft testes".

Indications for surgery
=======================

Varicoceles are common. In a large 1995 large observational series of 9,034 men presenting for infertility, varicoceles were found in 25.4% of men with abnormal semen, compared with 11.7% of men with normal semen. Infertile men with varicoceles were found to have decreased testicular volume, impaired sperm quality, and decline of Leydig cell secretion. Despite these findings in this infertile population, spontaneous pregnancy rates were identical in men with or without varicoceles ([@r7]). A Cochrane review of controlled series also demonstrated only slight benefit from adult varicocele repair ([@r8]).

According to 2008 ASRM guidelines, the indications for surgical intervention in the infertile adult male include a varicocele that is palpable on physical examination of the scrotum, known infertility, "normal" female fertility, and abnormal semen parameters or sperm function tests. The repair of varicoceles considered "subclinical" or in men with normal seminal parameters was not recommended.

In a recent survey of 131 pediatric urologists, varicocelectomy was most commonly performed for decreased ipsilateral testicular size (96%), testicular pain (79%), and altered semen analysis parameters (39%) with only 4% considering androgen status in their decision to treat ([@r9]). In a recent meta-analysis, varicoceles in youth appeared to negatively affect sperm density, motility, and morphology and treatment appeared to result in moderate improvement of sperm density and mild improvement in sperm motility but again androgen status was not mentioned ([@r10]). Few pediatric studies on varicoceles evaluate androgen status although early studies suggest that as many as 30% of adolescents with unilateral varicoceles may have an abnormal testicular response to exogenously administered gonadotropic releasing hormone ([@r11]).

Incidence of varicoceles and hypotrophy/atrophy in adolescents
==============================================================

Varicoceles appear during adolescence as the testes enlarge and usually present as scrotal swelling and rarely pain ([@r12]-[@r14]). In a prospective study of 1,072 Danish boys, Oster reported a 16.2% incidence of varicoceles in boys aged 10-19 years of age ([@r15]). Varicoceles are associated with hypotrophy/atrophy in many studies. In one series of 30 symptomatic boys average age 14.4, 77% demonstrated ipsilateral hypotrophy and the author recommended surgical correction ([@r16]). Hypotrophy/atrophy is, as noted above, an indication for surgery and there are many series reporting "catch-up growth" after successful repair. In a non-randomized surgical series of 40 pubertal boys, mean age 14.5, with grade 2 and 3 varicoceles, 24 underwent surgery and 16 were observed (by the choice of the parents). The surgical group demonstrated more testicular atrophy at baseline (68% *vs*. 50%). Of the 16 corrected boys with pre-operative atrophy 56% resolved their atrophy *vs*. none in the observational group. In those tested, all seminal parameters (concentration, motility and morphology) showed statistically significant improvement in the surgical *vs*. the observed group. Furthermore, whereas 5/16 boys that were observed without atrophy at presentation developed atrophy, none in the surgical group developed atrophy. Sperm concentrations almost doubled in the treatment group (51 *vs*. 26 million/mL).

Normal testosterone levels in children
======================================

Male fertility is dependent on spermatogenesis and T is crucial in maintenance of spermatogenesis. The reader is encouraged to read a recent comprehensive review on the role of androgens on spermatogenesis ([@r17]). Despite the importance of T in fertility, there is a paucity of publications on the impact of varicoceles on the T production in children or adolescents. Normal reference ranges of T and other fertility hormones for children and adolescents are subject to the variability of the pituitary---gonadal axis in the prepubertal and pubertal male. T levels increase in the first 6 months of life in male infants as a response to pituitary stimulation. T then remains low for children until puberty when the T concentration in boys starts to increase. In 2013, Konforte prospectively examined sex hormones in a healthy cohort of children from birth to age 18, as part of the CALIPER study (Canadian Library Initiative for Pediatric Reference Ranges). The intent was to stratify normal reference ranges of all fertility hormones (T, E2, FSH, LH, SHBG, Prolactin), by age and Tanner groups for both males and females. The data provided in the appendix allow an extrapolation of mean values of sex hormone values by age groups and "self-reported" Tanner stages ([*Tables 1*](#t1){ref-type="table"},[*2*](#t2){ref-type="table"}). Only 23% and 58% of Tanner 4 and 5 and only 30% and 60% of boys 13 to 5 and 15 to 19 respectively would be considered eugonadal by adult endocrine guidelines (T \>350 ng/dL) ([@r18]). In a smaller study on discarded blood samples in children undergoing elective non-endocrine related surgery, Kulle derived similar hormone levels in Tanner 4 and 5 adolescents and ages 13 to 18 ([*Table 3*](#t3){ref-type="table"}) ([@r19]). These baseline values are all what would be considered the lower range of normal for adults and as a baseline, these normal values for adolescents give pause to the concept of measuring the androgen axis in teens with varicocele. In one study of teens with varicocele, T levels at presentation were on the low side (less than 300 ng/dL) but were unfortunately not measured post- operatively ([@r20]). Indeed, there are no prospective studies examining T levels in pubertal boys before and after varicocele repair.

###### Reference ranges for adolescents by age groups ([@r18])

  Age (yrs)   T (ng/dL)     E-2 (pg/mL)   FSH (mIU/mL)    LH (mIU/mL)     SHBG (nmole/L)
  ----------- ------------- ------------- --------------- --------------- ----------------
  11-13       60 \[91\]     41 \[16\]     1.7 \[1.07\]    0.59 \[0.81\]   76 \[37\]
  13-15       254 \[161\]   59 \[26\]     2.86 \[1.72\]   1.7 \[1.23\]    49 \[29\]
  15-19       404 \[177\]   83 \[28\]     2.73 \[1.36\]   2.93 \[1.57\]   29 \[14\]

###### Reference ranges for adolescents by tanner stage ([@r18])

  Tanner stage   Age (yrs)      T (ng/dL)     E-2 (pg/mL)   FSH (mIU/mL)   LH (mIU/mL)     SHBG (nmole/L)
  -------------- -------------- ------------- ------------- -------------- --------------- ----------------
  3              12.6 \[1.2\]   124 \[144\]   54 \[38\]     2.6 \[2.7\]    1 \[0.9\]       65 \[35\]
  4              14.4 \[1.2\]   287 \[238\]   76 \[26\]     2.5 \[1.2\]    2.05 \[1.17\]   41 \[25\]
  5              14.1 \[1\]     373 \[157\]   94 \[26\]     2.7 \[1.5\]    2.68 \[1.31\]   32 \[14\]

###### T levels by tanner stage and age ([@r19])

  Tanner stage and age group   T (ng/dL)
  ---------------------------- -----------------
  Tanner stage                 
        4                      288 \[29-455\]
        5                      326 \[144-691\]
  Age                          
        13-15                  226 \[3-507\]
        16-18                  350 \[115-691\]

Experimental evidence linking hypogonadism to varicoceles
=========================================================

Venous backflow with elevation of testicular temperature, increased spermatic vein pressure, accumulation of adrenal waste products and autoimmunity have been hypothesized to create a toxic environment to both Sertoli and Leydig cells ([@r21]). In the rat, ram, monkey, and man, the presence of a varicocele results in an increase in the intra-testicular temperature and hydrostatic pressure of both testes ([@r22]-[@r25]).

In an elegant investigation on the effect of experimentally induced varicoceles in adult Sprague Dawley rats, Rajfer *et al.* demonstrated the detrimental effect of a unilaterally induced varicocele on intratesticular T and the inhibition of two of the enzymes responsible for the production of T, 17,20-desmolase and 17 α-hydroxylase. Interestingly, despite the the fact that the experimental procedure was unilateral, the enzymatic activity and intratesticular T levels were reduced in both testes ([@r26]).

Human studies have shown that increased testicular temperature is closely associated with increased Leydig cell apoptosis ([@r21]), increased cytoplasmic vacuolization and Leydig cell atrophy ([@r27]).

Does varicocele repair increase T levels?
=========================================

Hypogonadism may very well impact the adolescent, both during and well beyond his procreative years. Some of the potential complications of hypogonadism include metabolic syndrome, sexual dysfunction, reductions in bone mineral density and reduced overall well-being. Although no data are available on T levels before and after varicocele repair in adolescents, there are studies of this in adults. In 1995 Schlegel published a retrospective analysis of pre-operative and post-operative T measurements in 53 men with clinical varicoceles undergoing repair. A statistically significant increase in T levels was seen as early as one month from the repair, mean values increasing from 319 to 409 ng/dL. Sixty-six percent of the men had grade I-II varicoceles and counter-intuitively, the biggest changes in T were seen in the men with the lower grades of varicocele. Although, pre-operative T levels were not affected by the grade of the varicocele, the post-op increase in T was inversely related to the starting T. Yet not all men with subnormal T levels improved after repair. Six of 18 men (33%) with pre-operative subnormal T levels decreased after the repair ([@r28]).

In 2011, Goldstein published a series of 110 infertile men with clinical varicoceles in whom pre- and post-operative T measurements were available. Mean follow-up was 10 months. When patients were stratified by pre-operative T of less than or more than 400 ng/dL, without stratification by age, men with the lower T had significant increases (mean 309 to 431 ng/dL, P\<0.001) while those higher baseline T trended to a lower level (498 to 463, P\<0.29). Overall, 60% of men had improvement in their T and total motile sperm count regardless of their starting T level ([@r29]).

Not all studies have shown the improvement seen in the previous two studies. In a recent meta-analysis of 125 current published trials, only nine were felt to be acceptable for review. Though T levels increased post-operatively in all, only three trials showed a statistically significant increase. Taken all these studies together, the authors concluded that serum T was significantly higher than pre-operative levels after varicocele repair. Overall, the mean increase in T was 98 ng/dL. A prospective randomized trial is clearly needed to answer the question fully.

Conclusions
===========

The surgical treatment of the adolescent varicocele is controversial and debated. The indications for surgery have been primarily testicular hypotrophy/atrophy but also include varicocele size, pain and abnormal semen analyses (if old enough). The recent adult literature suggests that hypogonadism may also be an indication for repair in adults and it seems that this should be studied in adolescents. Consideration should be given to measuring T levels in adolescents with a varicocele. Prospective, long term, randomized trials are needed to help elucidate the benefit of varicocele repair on hypogonadal adolescent males.
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